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（1）发展了一种 pH/Cl-复合探针技术，制备的 W/WO3-pH 探针和









条件下钢筋腐蚀的临界氯离子浓度为 0.12 mol/L。在混凝土中添加 2%NaNO2 缓


















CLDHs-tar。在模拟混凝土孔隙液中考察了 Zn-Al CLDHs-tar 对钢筋的缓蚀作用，
发现在 pH 9 0.3 mol/L NaCl 的混凝土孔隙液中缓蚀剂添加量为 5 g/L 时，缓蚀效





















As a most popular and important building material, reinforcement concrete is 
widely applied in various infrastructures in the world. The corrosion of steel rebar 
makes the premature failure of reinforcement concrete structures, which induces 
immeasurable economic losses and grave social harm. The corrosion and protection of 
reinforcement concrete has become a research hotspot and challenge in the world. 
Concrete carbonation and chloride ion erosion are the main causes of corrosion of 
steel rebar in concrete. Measuring the change of chloride ion concentration and pH 
value in the pore solution of the steel rebar/concrete interface is the key to monitor the 
corrosion process of the steel rebar in concrete. It is of great significance not only in 
forcasting and judging the safety, durability and service life of concrete structure, but 
also in optimizing corrosion protection measurements. Corrosion inhibitor, as one of 
most convenient and efficient techniques has been applied in reinforced concrete. 
Nitrites and its mixtures are common corrosion inhibitors; however, they would 
pollute the environment due to its toxicity. The array electrodes and pH/Cl- 
multi-sensor techniques were developed to investigate the influence on the 
microenvironment of corrosion and electrochemical chloride removal. And a 
composite inhibitor was developed and the inhibition efficiency was evaluated by 
electrochemical techniques. The main progress in this thesis is listed as follows. 
(1)  A combination of a Ag /AgCl microelectrode and a W/WO3 microelectrode 
prepared by electrochemical oxidations was developed as a pH/Cl- sensor, which had 
a good response to chloride concentration and pH value respectively, and was suitable 
to in situ monitor the change of chloride concentration and pH value in the process of 
electrochemical chloride removal. It was showed that the Cl- was extracted by 
electrochemical chloride removal. The chloride concentration in the concrete pore 
solution decreased with time, and the pH value around rebar steel increased at early 
















electrochemical impedance spectroscopy (EIS) and linear polarization curve, it 
indicated that the steel rebar in concrete was cathodic polarized by the applied 
cathodic current. After depolarization，the corrosion potential of steel rebar shifted 
positive obviously，the corrosion current decreased and the corrosion resistance 
increased, implying that the treatment of electrochemical removal chloride was able to 
significantly improved the corrosive environment in concrete.  
(2) One dimensional Fe-Ag/AgCl array electrodes were developed to measure 
the concentration distribution of chloride ion at the interface of steel rebar/concrete 
and to study its influence on the corrosion of reinforcing steel. It was found that in the 
beginning of the immersion experiments, the Fe electrodes were in passive state in 
concrete. With the extension of immersion time, the chloride ion concentration at the 
interface increased and the corrosion potential shifted negative gradually. The critical 
chloride concentration was 0.12 mol/L sensed by array electrodes in this experiment 
condition. When 2% NaNO2 based on the weight of cement was added into a mortar 
even with a 0.75 mol/L Cl- contamination，the corrosion of Fe electrodes was 
inhibited efficiently.  
(3)  Zn-Al layered double hydroxide roasting derivatives loaded with tartrate 
anion (Zn-Al CLDHs-tar) was prepared by coprecipitation, calcinations and 
ion-exchange process. The inhibition for steel in simulated carbonated concrete pore 
solution (SCCPS) was evaluated by electrochemical techniques. When adding 5 g/L 
of Zn-Al CLDHs-tar in SCCPS, the inhibition efficiency was highest, and when the 
immersion time lasted to 24 h, the efficiency was 91.33%. The Zn-Al CLDHs-tar as a 
multifunctional inhibitor had a good sustained release function, the concentration of 
tartrate ion in SCCPS solution increased along with the immersed time. The inhibition 
of Zn-Al CLDHs-tar in SCCPS solution was contributed from not only the release and 
protection of tartrate anion, but also the trap of Cl- into and release of OH- from Zn-Al 
CLDHs-tar, consequently improving the corrosion environment in concrete.  
















第一章  绪论 









还可能酿成重大的灾难性事故。美国在 1975 年由于腐蚀引起的损失达 700 亿美
元，1985 年达 1680 亿美元，目前每年用于维修或重建的费用预计高达 3000 亿
美元[1]。英国的路桥维修和重建费用每年也高达 6 亿英镑。据 2002 年统计，我







































1.2  混凝土中钢筋的腐蚀 
1.2.1  钢筋腐蚀的特点 
波兰特水泥的化学组成一般为硅酸三钙 (3CaO·SiO2，简写 2C3S),硅酸二钙 
（3CaO·SiO2，简写 C2S），铝酸三钙（3CaO·Al2O3·C3A， 简写 C3A）,铁铝酸四
钙（4CaO·Al2O3·Fe2O3，简写 C4AF）等。水泥的水化产物是混凝土的胶凝材料，
主要有：水化硅酸钙（3CaO·2SiO2·3H2O，简写 CSH），约占 70%左右；氢氧化
钙 Ca(OH)2,约占水泥浆固体体积的 20%[7]。Ca(OH)2 在水中溶解度较低，在混凝
土孔隙液形成过饱和溶液，大量的 Ca(OH)2 以结晶形式沉积在混凝土孔隙壁上，
通常情况下，混凝土孔隙液 pH 值为 12.5~13。水泥中常含有少量强碱 Na2O 或者
K2O，在水泥水化时完全溶解于混凝土孔隙液中，其 pH 值可高达 13.5。如果混
凝土孔隙液中 Ca(OH)2 发生溶出或反应，沉积于混凝土孔隙壁上的 Ca(OH)2 会自
动溶解进入孔隙液，使孔隙液始终保持饱和状态。在此高碱性环境中，钢筋因表
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